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The nephron volume, defined as volume of dium reabsorption did occur in the proximal 
serial stop flow urines obtained prior to ap- 
pearance of new filtrate, was 8 to 15 ml during 
water diuresis stop flow as compared to 15 to 
24 ml during osmotic diuresis stop flow an- 
alyses in our laboratory. 

DisrussioH. The apparently large volume 
of filtrate reabsorbed during occlusion made 
interpretation of the data difficult. \Yhen a 
large volume of filtrate is reabsorbed and re- 
placement by filtration is increased it is pos- 
sible that the PAH peak might be "smeared" 
down the nephron to the site of the distal 
nephron. If this were the case €)AH would not 
function as a marker for proximal nephron 
collections. In accord with the smaller neph- 
ron volume during water diuresis stop flow 
analyses, volumes of urine obtained prior to 
appearance of the PAH peak and the peak of 
the potassium C P were less than found dur- 
ing osmotic diuresis stop flow analyses. Thus. 
if "smearing" occurred down the nephron it 
occurred in the distal as well as the proximal 
nephron and would not explain the presence 
of the sodium C / P  minimum occurring near 
the P-AH peak. 

I t  would be conceivable that during water 
diuresis stop flow analysis there was a smaller 
mass of filtrate in the proximal nephron and 
sodium concentration could be decreased to a 
greater degree than could occur by removal 
of the same quantity of sodium from the larEer 
mass of filtrate present in the proximal neph- 
ron( 7 )  during osmotic diuresis stop flow. 
Against this explanation was the occurrence of 
the PAH peak near the mid-point of nephron 
volume. 

A third possibility would be that active so- 

nephron and was demonstrable during water 
diuresis stop flow analysis but during osmotic 
diuresis stop flow analysis was masked by the 
heavy osmotic load. 

'The occurrence of the increase in osmolal 
L- 1' in the distal nephron demonstrated the 
distal removal of water in absence of anti- 
diuretic hormone. 

The differences found in osmolal LT/P and 
sodium C/P curves in osmotic diuresis and 
water diuresis stop flow analyses ampli'fied the 
problems encountered in interpretation of stop 
flow analysis data. 

Summar?!. During water diuresis stop flow 
analysis the nephron volume is less than dur- 
ing osmotic diuresis stop flow analysis, there 
is a demonstrable increase in osmolal U/F in 
the distal nephron samples, and sodium U/P 
minimum occurs near the PAH peak. During 
water diuresis stop flow analysis active proxi- 
mal reabsorption of sodium is demonstrable or 
para-aminohippurate is not a valid marker of 
proximal nephron samples. 
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Effect of Hypotension on K Excretion in the Dog.* (25973) 

R. c'. HERRIN AND CONNIE M. COKLETT 
I ) w .  of Ph>siologF, Medical School, University of Wisconsin, Madison 

lnfusion of K salts following oral adminis- 
tration of KCl, raises the clearance of K (C,) 
above the filtration clearance( 1 ) .  This dem- 
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onstrates tubular secretion of K and i t  has 
been assumed that this process accounts for 
urinary K, with all the filtered K having been 

* Supported in part by grant from Fviscon& absorbed ( 2 ) .  According to this idea, glomeru- 
lar filtration would have a minimal influence 
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on excretion of K. Our initial objective was 
to alter filtration by reduction of pressure in 
the renal artery in 2 groups of dogs. One 
group had ingested only the usual K content 
of drinking water and a commercial dog food. 
In another group, CK was presumed to be 
much greater, because of prior daily adminis- 
tration of 10 g of KC1 in addition to that of 
the diet and infusion of KCl during the experi- 
ment. Data had been obtained on 10 dogs 
when a similar study appeared (3 ) .  

Methods. Male and female dogs, anesthe- 
tized with pentobarbital, were used. The 
ureters were catheterized with polyethylene 
tubing. Left femoral arterial pressure was re- 
corded by proper connection of the artery 
with a Hg manotmeter. With minimal trauma, 
an adjustable clamp was placed around the 
aorta. With this a partial compression of the 
aorta of varying degrees could be effected. 
]Periods of clamping alternated with no clamp- 
ing. At termination, it was found that the 
clamp was between the origins of the 2 renal 
arteries in 11 dogs. The origins were so close 
lhat both arteries were affected in 6 and in a 
very large dog the clamp was caudal to both 
renal arteries. In 8 dogs 5 g KC1 were given 
orally twice daily for several days before ex- 
periment and KC1 was infused ( . 5  meq/min) 
during experiment. 0.9% NaCl was infused 
( 2  ml/min) during preparatory surgery and 
with addition of mannitol to 27; through 
clearance periods. To oibtain extraction ratio 
(EI'AH) the left renal vein was catheterized 
via the jugular. Clearance periods were con- 
secutive and nearly always at  least 30 minutes 
in length. Creatinine and PAH were infused 
at a constant rate and determined by the 
usual methods. Na and K were determined 
hy the Beckman flame photometer (4 ) .  

RPsults. Effect of hypotension in dogs 
which had not received a supplement of KCl 
is typically demonstrated in Table I. Circu- 
lation and clearances were maintained during 
this long experiment more effectively than in 
wme of the other dogs. Urine flow, CK, and 
C,,, fell with reduction in left renal arterial 
pressure. The ratio CK/C,,. fell, indicating 
clearance of K fell more than filtration rate. 
In 5 other dogs, this type of experiment gave 
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very similar results. The effects were uni- 
lateral. When femoral mean arterial pressure 
(MAP) was lowered to 40-45 mm Hg, CK fell 
to 6.9-17% of the pre-clamped period. a t  50 
mm C, fell to 24-5370 and at  65-75 mm CK 
was 44-61% of the pre-clamped period. In 
one period, about 7 hrs after initial close of 
pento-barbital, MAP of 65-70 mm lowered 
CK to 18%. Period 7 of Table I was about 
7 hrs after initial dose of pento-barbital and 
although C,, had fallen to 70 and 82% for the 
left and right respectively of period 1 ,  (31</C,, 
was essentially unchanged, indicating a paral- 
lelism of filtration and K excretion. By con- 
trast, in the dog with the clamp distal to both 
renal arteries, partial clamping had no effect 
on C K  or CCr. 

Effect of hypotension in dogs which had re- 
ceived supplemental KCl orally and intrave- 
nously is well illustrated by Table 11. The 
origins of the 2 renal arteries were so close 
that both kidneys were affected. Although 
renal excretory capacity for K was much 
greater than that of the former group, partial 
clamping of the aorta markedly reduced CK, 
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Crc/’C,.,. and C>.,.. I t  is significant that during 
periods 3 and 5 CI< /Ccr  was considerably 
above one. In 5 other dogs, pre-treated with 
KCl, hypotensicn had a similar effect upon K 
excretion, but only in 2 did C1, C,.r during the 
control periods rise above 1.0 and in one it 
reached 0.81 and in another 0.65. In 2 of 
these, the effect was unilateral. 

Renal plasma flow, as calculated from data 
of Table IT, was reduced to 64, 46 and 2 5 %  
of preceding control flow in periods 2 ,  4 and 
6 respectively for the left kidney. FF dropped 
in period 2 but was essentially unchanged in 
later periods of hypotension and a similar re- 
sult was obtained in 2 other dogs. Ell-4II was 
determined in 3 dogs and in no case was it 
changed by the hypotension, indicating that 
this cellular mechanism was unimpaired. 

For 3 dogs renal plasma flow (RI’F) of the 
left kidney could be calculated from Clbarl  ’ 

n’ith time RPF  fell, although femoral 
MAP approximated or was slightly higher. In  
one dog a t  4 hrs after initial dose of pento- 
barbital R P F  was 87% of the first period but 
MAP was 5 to 20 mm higher. In a second 
dog 6 hrs after pento-barbital R P F  was 
73% of the first period but MAP was 
about 20 mm higher. In  the dog of Ta- 
ble 11, 6 hrs after pento-barbital R P F  was 
82% of first period and MAP was essentially 
that of the first period. The  reduced renal 

flow therefore indicates increased vascular re- 
sistance in the kidnev. Of 8 periods of partial 
clamping, in these 3 dogs, reactive hyperemia 
probably did not occur after the clamping 
since RPF increased only 10% in one period 
and decreased in the others, in comparison to 
the pre-clamped periods. For these 3 dogs 
the K delivered to the left kidney was calcu- 
lated as the product of RPF and concentra- 
tion of K in the plasma. The fraction of K 
delivered to the left kidney, that was ex- 
creted, fell greatly during the clamped periods 
except in one case when it rose. Therefore a 
reduction in supply of R to the kidney could 
not wholly account for the effect of the clamp- 
ing. 

Davidson et al. (3) reported that lowering 
of glomerular filtration by compression of a 
renal artery decreased K excretion. When 
high rates of h’a excretion were maintained by 
administration of mercurials, sodium sulfate 
or Uiamox@, rate of K excretion was main- 
tained. We had found that N a  was almost 
absent from the urine during the clamped pe- 
riods, in confirmation of Selkurt( 5 )  and that 
a t  MAP of 75 to 80 mm Hg, C,, was not 
changed but Na  excretion was reduced to 40 
to 2270 of the preceding period. The effect 
of increased Na  excretion on K excretion dur- 
ing hypotension was tested in 7 dogs. Solu- 
tions of 5 or 1 0 1 ~ ~  NaCl, N a  para-amino-hip- 
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TABLE 111. Hypotension aiid Clearance of Potassium with Infusion of‘ N u  Ferrocy:tnide :uiil 
KCI. Wt  18.8 kg. 
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Ferrocyaiiide infusion during all periods except first. 
Priming, 12.5 mmol. Siwkaining, 300 pmol/min. 

purate or Na ferrocyanide were infused to 
promote Na excretion. Table I11 illustrates 
one of the 2 more successful experiments in 
maintaining greater Na excretion during 
clamping and CK/C,, of 1 or more during the 
clamping. This dog was pre-treated with 
KC1 orally. However, CTc was greatly reduced 
by the hypotension. In 14 periods of clamp- 
ing in 6 dogs, with a high rate of Na infusion 
and clamping sufficient to drop C,,, CR ranged 
from 17 to 70% of the pre-or post-clamped 
period. In a 7th dog, CI,: and C,, were un- 
changed by clamping but Na excretion fell 
to 40% of pre-clamping. I t  was clearly dem- 
onstrated in one dog that during 2 periods of 
clamping, in the one in which CK fell the 
least, Na excretion was 3 fold greater. 

Discussion. The question arises as to how 
hypotension and reduced rate of glomerular 
filtration lowered CIil and the ratio CIc/C,,.. In  
this condition urine becomes almost free of 
Na and since secretion of K involves an ex- 
change with Na in distal tubule, a lack of 
Na may be responsible for the fall of Czc in 
dogs illustrated by Tables I and IT. David- 

son considered that high Na excretion nulli- 
fied the effect of reduced filtration rate on K 
excretion by its provision of adequate Na for 
exchange with K. In  support of this, is the 
observation that urinary K fell a t  a slightly 
lower rate, when human subjects were being 
depleted of K by a low K diet, in those with 
a normal Na intake, than in those with a 
high Na intake (6).  However, in Davidson’s 
experiments Na excretion during clamping 
of the renal artery, was about 0.6 to 1.27 
meq/min, an exceedingly high rate. On the 
other hand, Anderson and Laragh ( 7 )  reported 
that depletion of N a  in dogs did not quanti- 
tatively change excretion of K in response to 
injection of K. Tubular secretion of K was 
demonstrated in severe N a  depletion. In their 
tables it is seen that Na excretion ranged from 
.0048 to .0288 meq/min when C,/C,, was 
above 1.0.. Na excretion of our dogs during 
the high rate of Na infusion and clamping was 
in this range and markedly above it in 5 cases, 
although CIc had been markedly reduced. 
Therefore, hypotension to the level of a re- 
sultant lowered filtration rate must reduce K 
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excretion by some factor, in addition to the 
lowered hTa excretion. 

Koch e t  a L ( 8 )  decided that when the ratio 
of K/Na in the urine was that in the plasma, 
an  increased urinary K represented incom- 
plete absorption and when it  exceeded that 
in the plasma, K secretion had occurred. In 
the 5 dogs in which we obtained a combination 
of sufficient clamping to lower C(.r and an 
elevated Na excretion, clamping raised uri- 
nary K i X a  in 13 of 14 experiments, about 2 
to 5 fold. These dogs had received KC1 orally 
and intravenously and clamping had less ef- 
fect on K than Na excretion and made tubu- 
lar secretion more manifest. Kevertheless, 
after calculation of the K secreted by the 
tubule, by Koch’s use of the urinary K/Na ra- 
tio, the data showed that the drop in urinary 
K was almost entirely due to less secretion 
and not to greater absorption. 

In  the data of Koch, ior example, it is seen 
that during the infusion of KCl and NaCl 
into a K-fed dog, urinary ratio of K K a  fell 
from 1.7 to 0.126 and C, rose from 5 to 38. 
In  our 14 periods of aortic clamping during 
high infusion rates of K a  urinary K/Na  
ranged from 0.6 to 20. On the other hand, 
Anderson found after NaCl depletion and dur- 
ing KCI infusion, urine Na was less than 6 
peq,/min but Cri was above the filtration 
clearance, with urine Ii Xa about 70. There- 
fore, in a comparison of our results with those 
of 2 other laboratories on the basis of rate of 
Na  excretion or urinary K Na ratio hypo- 
tension should not have materially changed 
C, in the dogs infused with large quantities of 
Na  but since it did another factor in addition 
to Na must be involved. Under many circum- 
stances in dogs, tubular absorption of chloride 
is a direct function of filtration rate(9) and 
perhaps tubular secretion of K is influenced 

by the filtration rate in other ways than by 
quantity of K a  in the tubule. 

Szinzmary. In pento-barbitalized dogs, par- 
tial clamping of abdominal aorta, always low- 
ered Ca, C,, and CE/C,,. For these changes 
to occur mean arterial pressure had to fall be- 
low 75 mm Hq.  Extraction ratio of PAH was 
not lowered by hypotension. The calculated 
renal plasma flow was markedly reduced and 
reactive hyperemia probably did not occur 
after clamping. The fraction of calculated 
quantity of K delivered to kidney that was 
excreted was much less during hypotension. 
Hypotension, insufficient to lower C,,,., mark- 
edly lowered rc’a excretion but not Crc. In  
agreement with Davidson. elevation of rate 
of h’a excretion, reduced the effect of hypo- 
tension on C, and allowed CIc/C,, to rise 
above one. The need to consider another fac- 
tor in addition to urinary Na  in the effect of 
hypotension on K excretion is pointed out. 
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